
Craphical Excellence

Ixccllcncc in stati*ica1 graphics consists ofcornplex ideas

communicated rvith clarit,v, prccision, and cllicienc,v. craphical
displa,vs droulcl

. show the data

. inducc rhc vic*.cr to think abour thc subsrance rather than about

methodoiogy, graphic design, the technology ofgraplic pro-
duction, or something else

. avoid distorring rvhat dre datr have to s:v

. p.csent many numl'ers in a small space

' make large dara scrs coherent

. encourage dre eyc to comparc diffcrerrt picccs ofdara

. ro'eal the data at sever:l levcls ofderail,lrom a broad ovenicrv
to thc {inc structure

. scrve a reasonal,lv c]ear purposc: dcscription, exploration,
tabuiation, or decoration

. bc closely integrated with thc statistical and lcrl'ai dcscriptions

Graphics trcal data. Indccd graphics can bc norc prccise and

rcvealing than convcnrional statistical compuratlors. Consicler

Anscombc's qurrtet: ail four ofthcsc datr scs arc describcd bv
exacdy tle same lrne,rr modei (at least until the residuals arc cr-
amined).

9.r1
8.1+
8.7.1

8.71
9.26
8.10
6.13
3.rc
9.11
7.26

10.0 8.11.1 10.0
8.0 6.95 8.0

13.11 758 11.0
9.1r 8.81 9,0

11.0 11.t3 11.0
11.t 9.96 1.1.0

6.t J.21 6.0
4.r) 1.26 +.0

12.0 10.8,1 12.0

7.0 4.82 7.0
i.0 5.68 5.0

10.0

11.0
9.0

11.0

12.0

7.4
5.0

11.74
1.\I
7.81

5.39
8.15

6,12
5.73

8.11 6.58

8.0 7.71
8.0 8.84
8.0 8.17

8.0 5.25
19.0 12.50
8.0 4.56

N:11

cqutrti.D ofrcgre$ion lnre: Y : 3 + 0.5X
*ldarderrorof e$nndlc.fslotc = 0.118

sun, otsquares X -: 110.0

reg.esion suD ofsqures : 27.50
residutrl sun of squa.es oaY:13-75
corehtion coefrl.i.nt - .82



14 GRA?rrIcAllltAcTICl

And yet how drc,v dift'cr, as rhe graPhical display ofthe data

makes vividly clear:

And likeu.ise a graphic casily reveals point A, a wildshot obser-

vation thar will doninare standard statisrical calculations Note dlat

point A hidcs in rhe marginal distribution but shows up as clearly

exceptioml in dle bivrfiale scafter.

F.J. Alsconrbc, "CnPhs in Statisrnal

Analvsi,",4ter'.an Srd/iJrtiafl. 27

(February 1973), t7 21.

stcDhen s. trier and Stcphen E Fien-

be;, "Recent lcon.ndri. Modennrs
of Crnne dd PunislDre,1ii SuPtot tor
the Detefcnce HYlolhesis ?" n1 StePhen

E. fienbcrs and Alb*t J Reiss, J. , eds ,

I"dndlt at Cine dd C nnl J"tne:
O,d,rild,nc S,,/ki (wshington D C ,
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Data Maps

Thcse sir rnaps rcport thc agc-rdjusred death rate iom various

typcs ofcanccr for the 3,oj6 counties oflhe United Statcs. Each
maf portrarvs some 21,ooo numbers.t Onlv a picture can c:rry such

a volume of d:rta in such a sma11 space. Frrthermore, all that data,
rhanks to dre graphic, can be thought about in many diferenr
war.s at many dillcrcnt 1cvc1s of analysn - ranging lron the con-
templarion ofgcncral ovcrallparterns to the detection ofl.cry
finc countl-by-66un1y {:ler:ril. To aLejust a G* exrmples, look

' high death rates lrom carrcer in drc nordrcast part ofdre counrry
xnd around the Grear Lakcs

. low rares ln arr east-rvest band across rhc rniddc ofthe country

' highcr ratcs lbr men than for wonen nr the south, pa icularly
Louisiana (cancers probably causecl b,v occupational cxposure,
from r,,'orking rvith asbcstos h slipyard$

. unusual hot spots. including nortbcm Minnesotx and a fe\\,.

counries in Iota and Nebraska along the Missouri River

. dillerences in types ofcancer bI region (for examplc, the high
rrtes ofstomach cancer in t|c north-ccntral part of rLe country

probably thc rcsult of the consurnption ofsmoLed fish by
scandinavians)

. rates in areas where you have lived.

The rnaps providc rnany lcads into the causes and avoidance-
ofcancer. For example, the authors report:

In certain situations . . . the unusual experience ofa countv
\\ arrants furthcr investigatior. For exa;1p1e, Salern Counti.,
NewJersey, leads the nation in bladdcr cancer rnortality
anong white men. Wc attributc this cxces risk to occupxrional
erporures, since about us pcrccnt ofdc cmpioyed persons in
this counry work in tbc chcmical nrdustry, particularly the
nanufacruring oforgalic chernicals, *trich may cause bladdcr
tumors. After: thc fltding was cornmunicated to NewJersey
hcalth ofricials, a cornp:ny il the area reported that at least 33o
$o \.'. rri.ingcl,lrnrIad dcre.oped b.rdder,ancer du'i'g
the -,r (ovear.. Ir r., rg()r r:r,ur.c1so-c:rrc.rri,kand
programs in crrrcer control be initiated among worLers and
fonner r.orkers in rLis area.,

rErch couni_\,\ rtric is locricd nr tst
.inne!si.!s md, futler, d lest iour
Du.rb{s $ould be Decssq to recon-
$tu{tthe s;e and sha1re ofeadr.ounty.
This yields 7!3,oJ6 ent.ies in r &h
nratlx adl.icnt t. i.pr.dn.e a nrap.

Signiiica!.1r hish, bui

h high.st dccilc, blt D.t

Not signincanilr dife.eDr

sjgdicandr lor{ than

:R.be.t Hoovd, Tho!$J. M on,
Fnnl w. M.(a), rdJosfh !. fratr-
De!i,Jr., "c)ncd hv Courry: Ne$
Resourc. f.r Eti.l(,gi. Chcs- S.ior.,
13e (SepteDbd 19, r97j), 1006.

Maps kon Art6 oJ Citd Mondtq Jat
LiS. Co,,ti.ri rgjo-r96r, br TholrsJ.
Ma$n, !.ank w. McKay, Robert
Floord, willihr J. Blor, rdj$eph F.
FraunEni, Jr. (wNlington, D.c.: Pllbli.
Health Senice, NatioDal htitures of
He,lth, 1975). Thc six nirp, slosn hde
eerc redcsigncd trnd rcdJaran by
La{ren.c lahcy xnd Edward Tuftc.
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ALI npes oicanccr, r,hrte fen,ales;

agc-adjused rate b,v couity, r9io 1969

All tlpes ofcancer, white nulcs;

age ad.justcd ratc by coLr;1t,!, 19io 1969



Trachea. bronchus, and lLtg carcer;
nhrrc lcmalcst age-adlxtcd rate

b,v couniy, 19Jo 1969

Trachea. brorchus. rnd lLrng crnccr;

whltc malest age-adlusted rate

b,v countl, r95o r9o9



Stomach cancer, irhite femles;
age-adjusted rate by countt, 19Jo 1969

Stomach canccr, vhite maiest

ageadjused rate b,v count,v, i9idr969
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The rnaps repay carehl srndv. Noticc how quickly and natur:rtl,v

our attcntion llas been directed rou.ard exploring the substantivc
contcnt offie data rather than toward questions ofmethodology
and technique. Nonedreles the naps do have rheir l1aws. T|cv
wrongl,v equate the visual irnportancc ofeach county with irs
geographic area rafier than rvith rhc number ofpcople Ivnrg nr
the counry (or thc number ofcancer deatlt. Our r-isua1 impres-
sion of rle data is cntangled with the circunstancc ofgeogr:rphic
boundrries, shapcs, and areas the chronic problen:l1lictlng shaded-

iIl ca dcsigns olsuch "blot naps" or "patch maps."
A furdrer shortcoming, a defcct of data rather than graphical

composition, is that thc maps are founded on a suspecr data source,

death certiicatc reports on dre cause ofderfi. These reports la11

undcr thc nrduence ofdiagnostic lashions pro.ailing among doc-
tors and coroncrs in particular phces and timcs, a troublesorne
adLrltcrant offie evidence purporting to dcscribe the already sornc-
tinres ambiguous marrer ofthe exact bodil,v site ofrhe prinrar,v
cancer. Thus part ofthe rcgional clustcring seen on thc maps,:s
rvell as some of the hot spors, ma,r. reliect varying diagnostic
cu.,orr. r,d i"d',lone si-rr rr, -cru- diF- .nc.. in .J,.- r- e.

Data maps have a curious hisrory. It was noa unril rhe seventccnth
ccntury thar rhe comtrjrlation ofcartograplic and statistical skills
required to construc. the data map came togetlrcr, fully 5,ooo years
after thc lirst geographic nrps wcrc dmwn on clay rablets. And
many highlv sophisticated geograpluc map rvcre produced cen-
turies beforc fic lint map containirrg any starisrical natedal w$
dr:rrvn.3 For cxarnple, a detailed mp lr,ith a full grid was engraved
durn,g thc eler.endr cerrtury e.o. h China. The Yii Chi Thu (Map
ofthc Tracks of Yil the Crcat) shown hcrc is describcd by Joseph
Needham as the

. . . most renurkable cartogr:rphic work ofits age in any
culru e..rr.cd in rron. in r I bu p,^b o \ d"nng lio'"
bero-e roo.Trc..al-oltl.cs-rdi. oo/' rorl,.,[ii.io-.
The coastal outline is reiativelv lirm and thc precision ofthe
'et,r o k oi, i,.r * s crn..rrraordirarv. l .e.i,'c oith- o -grrr.'1.
r hich r. nou rn rl,c lei Lin Mu."u n ar q 

'r'. i. "bour 3 -icr
square. The namc ofthe geographer is not known. . . . Anyone
r.ho compares tlis rnap wlth thc conternporary productions
ofEuropean religious comography cannor but bc amazcd at
flcc\rc L.o yh.rr( hrie+Stoqr.rf'h1 u,., LJr"rrm"- .rd
o'rhcWc,..... ll".e":.'o+r,e k(r(in.urope' rle
fro i. V\. m"p of -bour Jio. . . .o

rDM rDps re usull), derribed s
'themiti. mxpl n! cfi.ghphv. For r
drorough accouDi. sce Artlur H. Rob
itan. Ldly Thdnotu Mdptk| in th.
I] rd/], oJ cdro.q'dr"rr (Chicaso, 1982).
Or thc hist.rl of$atisti.al g.allics, see

H. Chy lutlousd, 'Hisnfical Delel-
llnrnt of dre Graphicri R.prcsortaior
ofShtnrnalDah," OJtir. 3 Novemb-
ie3?),269 4o4r ardJrnes R. Bfriger
.nd Dorothy l. Robrn, "Qnantitltivc
Gophics nr Strtistics: A llriefIllsrory,"
,4r,e/i.d,SrdrJ,iid'?. l: (Februar] 1978),

rJoseFh Needhan,, S.i!e. r,/ Ctir(d
rtu, i, Cri,d (C nbridge, ,eje)- v.l. r,
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I' C!trvtr res, "Les Deux Pl$ An.l.ns
Spicnne$ de la Car&g.rplie Chnlone,"
Btll.tilt de I'E.ak Fn"ldi! l! I E hi E

o/r,t, I (1eo:r), 1 lr, cdc B.
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The rs+6 edition of Cosnqgraplia by letrus Apianus contained

examples of map dcsigl 6"t show how vcry close Europcan car-

tograpLy by rhrt timc had come to achieving sratistical graphicacy,

.'." "pp..".t'i"g 
A'. Uivariatc scatterplot. But, accordng to thc

historical rccord, no one had yet made dre quantitative absracrion

ofphcrng a neasured quattity on the map's surface ar thc inter-

secilon ofthe two threads instead ofthe name of a city, 1et alone

the morc difrcult abstraction ofrcplacing latitude and longitude

with somc other dimensions, such as time and money. Indeed, it
was not untjl 1786 that the llrst economic timc-series was plotted'
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An carly and most t'orth,v usc of a map to charr patterns of
discase wrs tbc frrnous dot map ofDr'John Snow, rvho plotted

$c locarion ofderths ftom cfiolera in central London for Sep-

tcnrber,1854. Dcarhs t'ere marked by dots and, nr addition, dre

are's cleven r.arcr pumps r.erc located by crosscs lxarnining drc

scatrcr over ihe surfacc oldre map, Snow obseLved that choler,r

occurrcd almosr entircly a ong .hosc who lived near (and drank

fron) thc Broad Streer ratcr pump. Hc hacl dre harrdle ofthe
contarninatcd pulrp rernor.cd, ending thc neighborhood epidcmic

wlich had takcn more than 5oo lives.6 Thc pump is located at the

ccntc. ofthe map, just to the right ofdre u in aRoAD srRrrr. Of
cou6c the link berwccn the pump and the disease might have been

revealed by conpuration and arulysis tithout graphics, r'itfi some

good luck and hrcl r'ork. But, here at lcast, gmphical analysis

rcstfies about the data flr more ellicicrtly than calculation.

6!. w. Gilbdt, "Piorer MalsofHetrlt!
and DiseNnrEngl rd," Cste?li.di
Jdmal, 12a(i9js), 172 18:r. Shownlere
is r redneiDs oajobi sno\r1 nE!. lor
? relrodlctlon .nd dehited alalrsis olthe
oristual n!!. sce Ed\rdd Tufte. t'irrl
Extb"dtidn\: 1111d!s t i Qtt"titi.s, b' nkna
d,l Ndrdiliz (cird e. CoDnedicut,
1ee7), chpcr 2.Ideallr, $.John Sno$,
on dre t\Io& aJ Ca^d,titdtio" aJ Chakfi

ChadcsJoseph Minard gave quantny as well as dircction to thc

dara measurcs located on thc rvorld map in hn portra,val of the

r864 exports of French t'inc:
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Conputerized cartography :nd rnodern photographic techniques

have incrcascd dre dcnslty of rn6rnation some J,ooo-fold in the

bcst ofcurrcnt clata maps comparcd to Halley's pioneering ellort

This map shows dre distibution of r.3 million galxies (nrcludlng

sornc overlaps) in dre nordrcrn galacric hemisphcrc The map

dividcs the sky into r,o:,1r2,:zz rectangles Thc nu".ber ofg,1

axies counted in cach ofthe 2,27J,128 rcctangles is rcpresenred by

ten gray tones; thc darker thc tone, thc grelrrer t|e number of

galaies counred. Tbc north galactic Pole is rt ihe certer. The

sharp edgc on the left rcsults fiom the earth blocking the vie*'
from the observatory. ln .hc area near e pcrimctcr of drc map'

rhe vic* is obscured by dre inrerstellar dusr ofrhe galaxy in which

we live (thc Milky Way) rs the lirle of sight pases rhrough the

llatrened dirk ofour galaxy. The curious tcxturc oflocrl clusters

r gJ".r.. <"n ' "' oiL ' u

anticipatcd by students olgalaries, w-ho had, ofcourse, micro-

scopicrlL,v examined rullions of photographs of galaxies bcfore

secing drrs nacroscopic vicw. Although dre clusrcrs are clearly

evident (and accounted lor b,v a theory ofgalactic orignrs). thc

seemingly random filanents may be happenstance. Thc produccrs

ofthe map nore the "strong temptatlon to co11c1tcle that rhe gal-

axies are arranged in a rcmrrkablc lilamenrary patern on scales

of aFproximatcl) j' ro 1J', but rl'e caution thal rhis visurl inPres-

sion may be rnnleadnrg becarxc the eye tcnds to pick out lrrrear

prtterns cven in random norse. Indced, roughly similxr Patlens
arc seen on maPs constructcd lro1n s;rul:rted catalogs wherc no

linear structure has becn built nr' . . ."7

The nTost cxtensive data maps, such as the canccr adts and tbc

count ofthe galaxies, place millions ofbits of inforrnation on a

single page beforc our e,ves. No other mchod lbr the disPlay of
sratistical information is so powcrlul

rMi.hael seldner. B. H. Sicbcs, Ed{ard
I GLlih rnd P. J;m$ E P(b $
' N.\v Redd.i otr ollhe I Lk Lrnl gol
cxlaxier, Astraio'nrl Ja,nd!, 32

(A!il19??),2a9 114.
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:: cR-{PHlClr pRlcrIcl

Ti:rre-Series

T::::::r:c ::ri* plot i. the mos lrequentlv usccl lorm ofgrapLic

::::::r.' \\'in one dimensLor m"'chrrrg along ro the rcguhr rh,r'rhnr

':::.-r::s. rin:rrer.lours, drvs, sceks, months, )e3rsj cctlturi€s. or

-.: :::::.:. :::r namral orderue ofdrc tlme scalc gives rhis Jesign a

::::::.::: :rl rricrncl oi rn tcrpretation lound rtr no o$cr grrphic

:.::. :::u::J renrh- [r posibl.v clcventh-) celtur.r' illustration

:: :::::::, irzrro:,s oirhe planet:rv orbirs as: lunction oftnre'
...:::,,, . r,.:r oi" teri ror nonastcrl schools, is dre oldcst krro*'n

::::: :,r, a atrenryt ro shorv changnrg 
'"1ues 

gnphic,rlh lr
::::::: ::! : nrl5tcrioLrs and rsoLatcd i'onder irr the bistorv of dar"

:...:::.. .',rce r1,c ""rr ertanr gnphic of .r plottcd drnc-scries

.::-' :.: :: -.are loo r ears latcr' Accordnig t'' l""Lfouscr' the

::::.-::::::c;. co.tc"r rs co.lused and there arc dilhcultics nr rccon-

::::::::r g::p| and its acconpenvirrg tert rjtl' the actr'"I rnove-

::.:::: ritrr;i,rnctr. P.rrdcula,h disconcerting is dre rvarv path

::::::.r:". tc sun.' An er:surc arrd corrcction ofa cune occlrr

::.':::::: il.ldlc olthc gra r.

.A ntrdonr strn,p]. ot 1.... gn:rh:::
dn$r afum 1J ol the $o:Ld !.:* -
tater\ Dd mrgaznre\ fublnh:J r.:r:
irr4 to 1980',und dr. nu. ih2: -i
p.rcctrt oltrll !h. enrh,6 rubisn::
{.r. tnne se.id. ChEter i r.l.F. -:::

,H. Cnrr f!*houscr, 'A \otc n:r :
Tentb C.nnul G.rPh, OJti!, 1

(Fn!r! 1e,16).26cr6,.
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Tinc-series displa,vs arc ar their bcsr lor big dara sets rl'rrh rcal

variabiliti. Whl rvaste the por",cr ofdata graphics on srnrplc lnr

e:rr changcs,

rvlich can usullv bc bcacr sunmarizcd in onc or trlo nurnbers?

Lxte.ld, graphics should bc rcserved lor fic richcr: morc cornPlex,

nore di$lcult sratistical material. Tlis Nc*' York Cil weather

summan for r98o depic* .2,:zo rrumbcrs. Thc dail,l high od
lot tempcratures are shorvn tu relarion to thc long-run avcragc.

Tlc p:rrh ofdrc norm:rl ternpcrarLrrcs also provides a lorecrst of
cxl,cctcd change ovcr !he ,r'e.rr; in 6e middle olFebrurr,v, loL

ins:rncc, Ncrl,York Cirl residents can look iort'ard to ivarming

ar rhe ratc ofabout 1.r degrccs per rveck all drc wa,v toJLr11,

dre ye:rrly pcak. Thrs drstrnguished graphic succestult,r orgarizcs

a Iarge collection ofnLrnbers, makes conparnons between difr'crcnt

par$ ofthe data, and tclls r story.

NEW YORK CIIY SWEATHEF FOF 193O

\ja, Yd/l firer,Jaruar,v 11, 1931, !. l2
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E.I. Mnet, L. Mathrtu t}at)hiqft (patn,
163J1, p. 20. The nleth.d is rdiblred
to llc French .nenree., lbrv.

A dcsign tnl simil:rr srrcngths is M:rrer:s graphical tratu sched_
ule for ?aris to Lvon in thc rs|o. Arrilals and departures lrom :
station are locatcd along fic horizontal; lcngdl ofsrop ar a srarion
. '-dic,red b. '.c'e.g.' 

. e horizo'r, .r... th-.r"uo..,r.
separared rr proportion to rheir acrurl disrancc aparr. The slope
ofthe Lnc reflects tlc speed of the trah: rhe rnorc nearlv leriical
r "rrc \e -'.rcr rlr" r,rr'. il.. .-r.".rrorr of ruor.,.lo.. c,
rhe drne and placc that trains going in opposite directions pas

In 1981 a ne\\, exfress trarn from taris to L1.on cur rhc rriF ro
undcr three hours, compared to rnore rhan nine hours rvhcr Marev
o. b''l .J r c er"ol r.rl rrui-,. l-.ouF.Tr.ep. ro- .- r1^o\n,
rcv (train ) ymfu ritusr) is showrr, ovcrlaid on thc schedulc of
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The ts'o grcat invenrors ofmodcrn graphical designs werej H.
Larnbert (1728 1777), a Swiss-German scientist rnd rnathematician,

and william Playlair (r759-r823), a Sconish politicrl economist.l0

The firsr knorn tirne+eries using econornic dan rvas publishcd in

Playfiir\ remarkablc book, The Conncrcial aw1Paliticul A as lLon-
don, 1786). Note the graphical arnhmetic, rvhich drows the shifr-

ing balance oftrade bv fic dillererrce betwecn dre import and

export tirnc-sedes. Playfair connastecl his new gr:rphical method

*'idr thc tabular presentation ofdatx:

I ro n.ari",.. 'r 
r.rn gerLcr ".11: 'd. r ger . allr .r rmper-

-p.rr r,t.r-(o;,,d, n.,r' 'rlr"l".. e'rrll1 e* g,re,l "
p',',i.o .,1'.. l,'1.. "l'. don..1l11 f. 3 o,11 ,r ,:"ry r" nt

--d parri. de, olsL.'.e lr+ re.d:,,d -L,r lrke - rigur.

rn prlrr-C o' r'd. '.oontorJl r('\Pdrrrdd.'.rc.r. I e

amount ofmercantile tra.sactions in money, and ofprolir or
1os, are capable ofbcn,g as easily rcprcscntcd in dra*ing, as

any part ofspacc, or as the face of a country; though, ti11now,
it has not bccn atten,pted. Upon that principle these Chara

"ere 
made; and, while thel' girc a simple and distrnct iclea,

thev are as ncar perlect accuracy as n rn,v way useful. On
inspectirrg any onc ofthese Charts artentively, a suficiendy
drstrnct imprcsion will be made, to relnairr uninp:rired fbr a

corxider:blc time, and the idca ivhich does remarn rvill be
simpie and complete, at oncc hclLrding the duration md rhe
anounr. [pagcs 3 4l

For Plavfair, graphics rvcre prelirablc to tablcs bcc,use gnphics

sho*,ed the shape ofthe data in a comparative perspeci\.c. Tinc-

{bAA'l .r z/1 tt? IMPOnTf, ,a.1,8\7a)R?D' b ,a/,/nn ,EXeZ,4nE' ..r.n th tal r/.2 t rt. 4 /{ zLalu

Lt_ /r. h-.t /,, z"t"n."r-V l-s,tnt. e a*".. a.zt4'L.&tu'iliffI'j).,,.

1ohutu Tliling, 'Early Erp.rnrcntd
cdFh!" Btnnh Jatu,al.fot th. Hntury
d/s.irr(, 3 (197J),1t1 21:r.
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series plo.s did tus, ald all but one ofthc 44 charts it dre 6rsr
edttlon ot The Cannuc)al antl Politienl Arla: *,cre fine-series. Thar
one erception is the Iir* Lnown bar charr, r"-hich Playfair invenred
because year-to-yerr data wcrc missing and he needecL a cLesicn to
portra,v the one-year dara thar rvcrc available. Nonedreles he rvas

skcptical about lis innovation:

This Chart js dillcrcnt lrom the othen irl principle. .rs it docs
not conryrchcnd an,v portion of rine, and rr is ;uch inlcrior
ln urilil.to those that do; for rhouqh it gives the ertent ofthc
dillcrcnt branclcs oftradc, it does noi cornfare the sanc
branch ofcomnerce rvitl itsclfat diferent periods; rror does
it inprint upon the mnd thar distinct ider, nr doing which,
dre clriefadr,:rrtage ofChrrts consists: lor as it r.ants the di-
mension thar rs forrned by durador, there is no shape given
to dre quantities. [prge rorl

Hc rvas right: small, roncomparative, hishly iabeled data scts

usually bclong b tables.

7'. /r-?tr d:a/r.! n . tut 7b4r"1

The chart does shorv, it an,v ratc, the impods (crosJatched
lines) and exports (solld lrnes) o and from Scotland in r78r for
r 7 countrics, rvlicl arc ordercd by votune oftrade. The horizontal

'.. c . . .1. rof. po..ibl) .. ma.' ir "ro e co
plotting rhe points by hand. Zero valucs arc nicely indicated both
by tire absence ofa bar md by a "o." Thc horizorrtal scalc mis-
taLenly repeats "uoo." In nearlv all his charts, Playlair placcd rhc
labels fbr rhe vertical scale on the right sidc of dre page (suggest-

ing that he plotted the data points using his leli hand).
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Playliiri last book addrcsscd thc qucstior rvherher dre price of
rvhcat had nrcrcased reiative to wages. ln h,s lcttet on art agiatl
ttrdl li\trsset, thtir ed se: anl rffidi$; aeconpanied with tables atd
cat)y platc chrrts lutilg and eon?ating thc prn.r ofwhcat, bread atd
labort,.Jron t565 to rEzr, llavfair rvrotc:

You h:rve before you, my rords and Cendcnicr, a chart of
the prices ofwheat fbr 25o ,r'ears, rnade from ollicial rctums;
o'r'-.arr e pl.re I ',\"r .,-,1 " ne-?i-el ng. ,. ,,,,r ) d\
r c'r,. rl,. ". g.. oigood r.cL.',",...1, l

and carpcntcrs, in ordcr to conrlarc tfic proportion between
drem and the pdce of wheat rt every diffcrcut period. . . . rhe
main lact deservrng ofconsideration is, rhat ncver ar any fbrrner
period rvas rvheat so cheap. m Froportion to nlechanical labour,
as it is at the present tine. . . . lpages z9 3rl

Here Pla,vliir ploned drree parJlei trne+eries: prices, r.ages, and

the reigns of Britnh kings and queens.

Thehntor,v andgenealogv ofro,r'atty lras long a graplical favorite.
This superb consruction ofI. J. Marer.brings together several

sets officts about Inglish mlers into a time-series tfiar convcys a

sense ofdre march ofhistorv. Marey (r83o rgoa) also pionecred
the developmcnt ofgraphical mcthods in hurnarl and animal

phi'siology, including srudies ofhorses movnrg ar diferent paces,
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a. J. Mare_v, r. lrir&ird. c/irtirk fp s,

E. J. Mtrrr,,ltoarfti ltordon, jser).
ljegi,u e nnh rhe rfu.lis oaitre t.,se.
rhc time+eries trre rioh fag.s j91,2:.1,
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the nTovcmcnt of a surish turning irselfover (read images liom
the bottom upw:rrds), S*

*- rn
.rn

as *'cl1 as dre adr.ance ofthe gccko.

Mare,v\ man nr black vclvet, photogrrFhed m stick-ligurc images,

bccane rhe tirne series lorcrunner of Marcel Duchamp's Nrrrle

D$ee di g d Stdi6le.

the undulrtions of drc dorsal fin of a descending scalrorse,



GRApTTICAt rXC!tr!N Cl 37

The problem with time-serics is that the simple passage of time

is nor a good explanatory variable: dcscriptive chronology is not
causal explanation. There are occasional cxccptions, especially wltn
there n a clear mechanism that dive5 the Y-variable. Thh time
series docs tcstify about causality: the outgoing mail ofthe U.S.

House ofRepresentatives peaks every two years. just before the

election day:

60 Monrhll outgoing

ruIKBD lill,m 
"TI".rf,trL1'.';1*, 

ir",r,"{'y:I,#:,"..",* #"Ii'.i1.:i l:.,1,:i::r":i i.+.;.:i#r *:i.f;-;"**x;*x*:
m Y0TII0 sa0wllifr#-#"xr"rftfil*l1.ddag*?l "l";!l;*-*...,;Hf;:r;*.F}".'.r'.,.*.n:r.*y.:r:

'**'-" ".-.. "t[hi #yffi El nt:r*"j:#J* *,ffq-lii, ;$s*r#i+"r ;l*:x".,,ru

ruIKBD lill, m 
"Tl".rf"sT.1'.';1*, 

i r",r,"{'y:I,Fl"ru #"Ld.il.:i l:.,l,i,i llli
mYoTil0sa0lYlle"J'r_.:,_,F;.:*.ft fi l#11.d*illi*-r,"=;::i"'i*-* j?
'*":I1':*:r "lh.:.flt S'r,fl *jfl'"i{'---.{p'; ;a;'-p*.1ffi ; ;

The graphic is worth at least 7oo words, dre number used in a

news report describing how incumbent representatives exploit their
Gee mailing privileges to advance their re-elecdon campaigns;

m Y0TIN0 sr0lYN["$q,Fi$r*$ii,ft*l ""
'-_:::::^"" 

" . :.:_F,{itrd;-,i;";l+"rig1sui,Tn*H $#i*'j"Hrprilg1p Fti*ii$f,S;"*tlfii#$r'i'Fii: *""*E

!ry,i tub*o;u6d ,a;d n,;
Y-!'i !.r"- i."

; y:"."i"J'i* .irir :H i3 iil.ffi*Jlil
+.i ,11 .,-"," ,",; " ".* s"',Yl :i"*".x

1; D! qot]a4 ror !4!d!b M, &\6 s6



38 cnA?HrcAr ?rAcrIcr

Timc-scrics plots can bc moved toward causal explanation by
smuggling additional variabics into the graphic design. For o<ample,

tlis dccomposition ofcconomic data, araying ,r,296 numbers,

breaks out fic top scrics into seasonai and trading-dry flucturtions
(wlich domrnate short-tcrn chaneet to rer.eal dre lorrg-run trend

acljusted for infation. (Notc a significlrt defect in thc design,

ho*'ercr: rhe r.etical grid conccals the height ofthc Deccmbcr

peaks.) The next srcp rvould be to bring b additionJ variables to
cxplah the transfonncd and improved serics at the bottom.ll

11Scc wili n S- Clevelard and I rxJ-
Tcrlen rg, Grapli.rl Mcthods for
Seayin"l Adju ment,"Jo,',nl dr&.
Anntndn Stiittnal Aso.iatian 77 lMat.l

Juhtr Shnlin, "Meass'ng Curent E.o-
noDric Fhctlanons, stdl!,tdl R.?dr.t
0"ly re73), p.3.
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Finally, a vivid design

time+erics:
(wirh appropriarc data) is dre bcfore-after

cRAPrtrcALrxcrrrxNc! 39

M. Mit.hell wildrop, "ln scar.h of
the Mrgnciic Monolote," S.trn.?

oure 4, i982), p. 1o8?.

Ctlteto: canditlot. harcpale siqnal l.ons .rer d dnntbdne .ausot! br a |i!ui.l nr..s.
.erf?r ea iet ih th? da!. The junp in na|n?tit frr thrculh the supet.o"dr.tinE det?.ht
bg lot esuivaLentlt nt juhp i' th? loop s sup?r.nftna n jru th. tilht nosnitu.le ta be a
r@pale. M.rear?r, the.! .nl rcnainel loble f.t tnart hou6 aieb-atd.

,Ad beforc and after the collapsc ofa bridge on the Rh6ne in 184o:

ac Ronro S1-Andior su lc Rh6ne

Charles Joselh Mina.d, "De la Cbure
dcs Ponts dds les gnndes Ctues,
(Ociobd 24, 18 56), Hguc a, in Mlmrd,
ealk.tiot dL ss bo.h,res eans, t82t
i369), held by the Bibliothtq@ de
1'6cole Nationale des Ponts et Cha!$des,

I
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Narrative Graphics of Space and Time

An espcciall,v efectivc device for enhancing the explanatory power

ofrime-series displa,vs is to add spatial dimensions to the dcsign of
rhe graphic, so rhrt the data are moving over space (in rwo or

three chrnensions) as well as over tiue Thrce exceller,t space-tirne-

story graphics illusrrate hcrc hos' rnultivariatc complexity can bc

subtly integrated into graphical architecturc, intcgratcd so gently

and unobtrusir.ely that viewen are hardly arvarc that they are

looknrg nrto a r.or1d offour or 6ve drmensions Occasiomlly

gr:rpirics are belligercntly multivariate, rdvertisnrg the rcclnique

rather tlur the data. Bul nol lhese threc.

The first is the classic ofCharlcsJoseph Min:rd (r78r r87o), dre

Frcnch engineer, nhich shows drc terrible fate ofNapoleon's army

nr Russla. Descrilxd b1' E. f. Marcy as seemnrg ro dcft the pen of
rhc [isrorian by its brural eloqucnce,t'z this combination ofdata
map and time-series, drawn in 1861, Porrrays the devastating losscs

suliered in Napoleon's Rusian campaign ofr8r2. Beginning ar the

lelt orr the lolish-Rusian border rrear thc Niemcn River, rhc thick

band drows thc size ofthe army (4zz,,ooo r.rcn) as it inv:rded Rus-

sia in June 1812. Thc *'iddr of the barrd indicatcs drc size of the

artrly at eacL placc on the m:p. In September, thc army reached

Moscow, which was by then sacked and deserted, with roo,ooo

nen. The pafi ofNapoleon's retreat flol11 Moscorv is depictcd by

thc darker, lower band, which is ljnked to: temperar,.rre scale and

dates at the bonom ofthe chart. It t'as a biaeriy cold winter, and

many froze on tLc march out ofRLusia. As dre graphic shows, thc

crossing of fie Bcrczina River was a drsasrer, and thc army {in:lly
struggled back inro Poland widr only ro,ooo men remainnrg Also

drorvn arc the movements ofauxiliary troops, rs they sought to

protect thc rcar and rhe flank ofthe advancing armv. Minard's

graphic tells a rich, coherent story *'ith its multivariare data, far

more enlightering than.just a srngle rrumber bouncing along ovcr

tine. Si.- variablcs are plotted: rhc size ofthe army, its location

on a two-dimensional surface, direcrion ofthe armv's movement,

and ternpcramre on v:rious dates during the retreat ftom
Moscow.

It may well bc thc best statistical graplic eve! drawn.

t2E. J. Mater, Ld Mhhatl. Ct.phi4".
€rn, t88j), t.73. lornore on Minrd,
\ee AftLu H. Robntron. "TheThctrrtic
M rps .a chdles Josph Mimrd, l,alo
MMdi,21 (1967). e5 1as.



CARTE fICURATIVE de Russre 1812 -1813der perres su(ess r* en hommei dE lArdie f.anqaise d{.s la camPagne

,e$,.rsM.MCad,/iiteut Cih;.al d6 Poht5 et ch-,.s;.s ei .Prre,.r'

\
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Thc next time-space graphic, dnt'n by a cornputer, displavs

the lcvels ofrhrcc air pollutane located ovcr a two-dimcnsional

surflce (six countics nr southcm California) at 6ur timcs duing
the day. Nitrogen oxides (top rorv) are emittcd by powc' plants,

refinerics, and vehiclcs. Re{:ineries along the coasr and Kaiscr Stccl's

Fontana plant produce thc post-midnight peaks shown in thc first

panel; rafrc lrd power plants (rvith thcir healy daytime demand)

scnd levels up during dre day. c:rrbon monoxidc (rccond ror') n
lo*-after midnight except out at the srecl Pl.int; rnorning rrafiic

thcn begins to generate each d,y's ocean ofc"rl'on moncxide,

rvith rhc grertest concentmtion at the convergencc of6"c lreervays

in downtown Los Angclcs. Reactive hydrocrrbons (thiLd rorv),

likc nitrogen oxides, come from relinerics a{ter nidnight and then

incrcase with trallic during the day. Each oftfic 12 rinic-sPace-

pollutarrt sliccs surnrnarizes pollutanrs for z,4oo sparial bcations

(2,+oo squares Iive kllometers on a side). ThLrs z8,8oo pollutant

readings are shown, excepr for those maskcd by pcaks.

Tlre an pollution dnplay rs a snall nuhiple.the same graphical

design stnrcture is repcarcd for erch ofthe twelve dices or multi-
p1es. small multiples are economical: oncc viewers understand lhc

dcsign ofone slice, drey lur.c immediatc acces to the dxtr in all

thc other slices. Thus, as the cyc noves frorn one slicc to the next,

dre constrncy ofthc design allorvs the vie*'er to focus on changes

in tlre data rarher rhan on changes in graphical design.

ldJ t,gelsr ?irtrJ, July 2:, 1979; based

o! {or! olcrego4l. McRae, Cali-
lohir hdrute .f Technol,,g).
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l. HugI Neqrntrr, n,, .,1 /'.(a.{
(L.ndon. r96J), pp. 1.,1 rol.

Our drlrd cxarnple of a space-tirne+rory graplic rngcnlouslr.
.--xes space and tune olr thc hoizonral rxis. This destgn rnoves
-:,i beyond thc convertional rint-series bccausc ofjts ctever
: -rrine fletd, wltl locarior rclattvc to the gromd surlacc on the
.:::ical arn and tnne/spacc on tlc hoizontal. The I'fi cvcle of
::: lapanesc beetle is slotn.

\lore Abstract Designs: Relational craphics

:c rnlention of d:rta graphlcs rcquired rcplacrng rhe latinrle-
.:::ermde coordirates of dre map wnh nore .rbstracr Dlc3sures nor
::::d or geographlcal analogv. Mornrg fiom ma$ to srlrisrical
:::rrhicr ivas a bie *cp, arrd thousrnds ofycars pascd belore thrs
:::: ras taLen by Llnbert, Pl:r,r'liir, :rnd others in rhe eighteenth
j:riur\. €veD so, analosics to the phlsical q.orld served as the
:-.nccpn:al basrs lor earll time+cries. pla.vfair rcpeatedly comparcd
ris charts to uraps rnd, in dre prctice to dre iirsr edidon ol Tle
C.ttdtrcinl dnd Poiitical ALla-r, argu.l ,1'o, U" .n"rrs corrcsponded
:c a phvsical realization ofthe dara:

' 1oo rl. n. 11.. ^ fr\ r,.u',.:-..o.,..\p..c
'.1 N,.\
d...r. r,,, ' ,11-',h|.,r..r. -t,, t,,.- or.,c nrse",
^r, r.d a, ucp" 1,..\' \-', . re'.,,d C.,.,, , ".oi)e

l

l
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.rrier(I'." L.'..rne'or. e fo-rl rl berci\el :

'. - l " " u d ,. olorlt:r.r.r larqrlr" "' 'erc 
"" ['s r

or more euincas: rnd thcv would make:r shape, the .limensions
oirlhlc1,"*ou1d aqrcc cocdv t;rh dre alnount ofthc sums;

"r d L c "l r ou s. '.* oulo be - ;r er.red l1 c p,rr f
l cor.rro. 11,.,. r.rr--r"crlr rl,i .rp. r'-

.r" r. -,..ndo'.o r.ro.rrcpep L rl elftJo - "ol
.cn thousand or an h ndred fiousand guincas as nurked, s'ith
rl . ." ' -'r".. ... r ,,r - .q., 

'r-,rr' 1. rfo, 4, "P , r*PrF (rl
. '.aretr :ror .orntr ' A'Jrl e . rLcr.[
t"L-or ofr-'. < ror.e*d.lorr lIr'r. - rn*, "''
originallv parcl away. lpages iii ivl

Filtcerr years latcr h The Stai*nal beviary,his nosr theoretical

book abour graphics, Ph,vliir broke free ofanalogics to the ph,vs-

icaL world and drew graphics lrs dcsigns-rr-thenxelr'es

one offour plates in The Sniistical Brc ary, rhrs graphic is dis-

thguLshcd bl rts multivarirte drta, thc use ofarea to depict quarr-

rirv, :nd the pie chart-in apparcntl,v the Iirsr applicatior ofthese

dcvices. Thc circle represents the rr€a oferch countr,v; drc linc on

$e 1elt, the popularion in rnillions read on dre verticrl scales; the

linc on dre right, tlc rer.etrLre (tares) collecrcd in millions ofpounds

stcrline read also on the vertical 
'cale; 

and the "doncd lines dra*n
betr.ccn the population lrd rer.cnue, are rnerelv intcndcd to con-

nect togcther the lincs bclonging to rhe same countr,v The ascent

'rDi+

cr \1 :Tlai r, nRlIraR\

li
:;::

l 11'j
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oftLose lines being 6om right to left, or 6om left to right, shews

xlether in proportion to irs population the country is burdcned

vidr heavry taxes or orherwise" (pages r3 r4). The dope of the

ilotted line is uninformative, since it is dependent on drc diameler

ofthe circle as well as the height ofthc two verticals. However,

de sign of the slope does make sense, raknrg Playlair to his familiar

point about what he regardcd as excesive ta-'ration in Britain

(6onh clrcle frorn r\e rigl'r. u rh r\e lope running oDpo5,re ro

mmt countries). Playfair was enthusiastic about the nultivariate
m"ng€ment becaue it fosrered comparisons:

The audror of this worL applied che use oflines to mattcrs of
comnerce and linance about fifteen years a€to, wiril grcat
success. His mode was generally approved of as lor only facili-
r:nrg. bur r."dering \ot.rudie. more clear. and Icrrrrr.d
more e,* y b1 thc nerory. lhe pr.'r,r clrarr ate n Lle
naale- rniended ro ard .t,ri,ri, 'l rud e.. bt '\e'a rrg ro rl c
eye the 

'izes 
o- dili.-ent corr e. epre'enred by tirnilar iornu.

f6r *here for-',r. nor .iniL . rhe .ye carLnor conparc 
'l,cnr

easily nor arcur-rely. from tL ' orcun.r.rnce ir rrppen'. rhrr
*. h,ue., -o,. rccurr.e idea o rle '.ze' ot rL. pl,n.tr. *hr.h
:re sphere.. LJu" ofthe narior', of I urope u luch n. .cc or'
6e nup..,ll ol*hich are rnegrrJrr'orm. in rl-em.elr,s,' uell
as utll-ke ro cach other. size. Pop: .rron. "nd Rer enu.. 'r. rhe

dree principal obje*s ofattention upon the geteral scale of
$atn.ical studies, whethcr we are acruated by curiosiry or
interert; I have therefore represented thesc three objects in one

view....fuager5l

But here ?layfair had a forcmnner-and one who thought more

dtady about the abstract problcrns of graphical design tlun did

ry6ir, who lacked mathcmarical skills. A most remarkable and

it early theoretical statement advancing the general (non-

-hgical) 
relational graphic was made byJ H. Lambcrt in 1765,

35 ycars before The Statistical Bref iaty

We have in gencral two variable quantities, x, y, which will
be collated with one another by observation, so that we can

determine for each v:1ue ofx, which may be considcred as an

abrisa, the corresponding ordinate y. Were rhe expcrimel*
or observations completcly accurate, drese ordinate-s wouldor observaoons completcly accurarc, urese o

giveanumbe, orpoinr. rlrrough whi,h a.traighr orcurved
li.. .h""ld he dr,q n. Bu- a' rl-' is noL so. r[e line de' r,'e. -li"e should be drawn. But as rhis is nor so.

a qrearer or leser ex.e"r from th. ob'cr',rjor',1 po'rr'. Ir mu't
$Lefore be drunl in cl,c\ a ua) rlralr .ones a: ne"r "s
possible ro is rrue po.ition rnd goe.. r rr tere. r\rouglr rhe

middle of the Even poinrs.Ir

l3Joham Hendch L,nb.r, aeytrle
zun Cebtau.he '1t 

Mdthenatik urd dden
,4rrdl,rr @erlin, 176r. ,s quotcd in
Lxur Tilling. "!a.lt lrydnne al
Gt pbs." BinshJo"tudlJat the Hnhry
oJ s.k e,8 lt97t),2a4-hs.
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Larnbert drer.a graphical derivation ofthe er'aporation rate of
water as a funcion oftcmperaturc, according to Tilling. The
analysis begins with two tine-serics: DrF, sho*'ing the decreasnrg

height of r-:rter in a capillary tubc as a function of time, and arc,
the remperature. The dope ofthe curve orn is then taken (note the

tangent Drc) ar a nunber ofplaces, fielding the rate ofevaporation:

To con4lctc thc graphical calculus, tlc mcasurcd rate is plotted
against thc corrcsponding temperaturc in this relarional graphic:

Thus, by the early 18oos, graphical design was at last no longer

dependent on direct analogy to the physical u'orld tlunLs to the
work oflambert and Playliir. This meant, quite simply but quite

profoundl,v, thar any variablc quantirv could be placed in rcla-
rionship to any other variablc quantlty, mersured for rhc samc

urrits ofobservation. Data graphics, bccause thcy wcre relation:i
and not ticd to geographic or time coordinates, bec,rme relevant

J. H. Ldnb ! l$aidhygtuhiric o!
strr ltr csrc dc l'humld]td, ' rvl,otdr
d.l'Autli\ie Rayk d6 SeiL".Ls * BtllLt
lPrts . , . J7d9 (BdliD, 1771), pltrt 1,

lacing p, 126: from Tillhgl xrticle.
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'o 
all quantitative inquiry. h eed, in nodern scicntific litera.ure,

about 4o percent ofpublnired gLaphics have a relational fonn,
sirh two or nore vari:rbles (none olutrich are latnudc, longitude,
or nme). This is no accidenr, since the relational gr:rphic in its
5arest fom, the scatterplot and its variants rs fic greatest ofall
eraplncal dcsigns. It links ar leasr nvo variablcs, cncoungnrg and

l en imploring the viewer ro asscss the possibie carsal rclationship
benieen dre ploned variables. lt conftonts causal drcories that X
causcs Y u'rth enpiricrl evidence as to rhe actual rclatiorship bc-
sccn X and Y, as nr the case ofthe relarionship bcnvccn lung
c.rncer and snoking:

CRUDE MALE DEATH RATE FOR LUNG CANCER

IN 1950 AND PER CAPITA CONSUMPTION OF

CIGARETTES IN I93O IN VARIOUS COUNTRIES.

*

,7
I .1

*

OEN ^,,q,'
7 i.^N^DA
*s"roerl

/)

C GAFETlE CC]I5U'tPT ON

Rcp.rt .a!h. Advisory Comlrntee to
dr Strrgcor Cenertrl, S,r,l,t{ nd ,q.a/rl
(washnrgton, D.C.. 1964), p. 1?6i based

on R. Doll, - Eti.log-! .il-urg Calcer,"
Adt xti ]k cd,r.t Rtr .h, 3 (195s).
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These small-rnultiple relrtional graphs show uncmploymcnt and

rnfation over trme in "Phj11ips curve" plos lor nine counrries,
demonsrating the collapse ofwhat was once thoughr to bc an

inverse relationship between the variables.

Infltion lnd UrenDlorrenl R!t6

Pall Mccackcn, ct d., 
"o/drrJ 

Frll
Ery)iafhnft dntl Ptua Stdbilitt (P^ril,
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Theory and rneasured obserrations diverge in the physical sci-

ences, also. Here the relarionship betweerr temperature and the

rhermal conductivity ofcoppcr is asesed in a series ofmeasure-

nents fron diftirent laboratories. The connected poirts arc from
a single publication, cited by an idcntiicrtion numbcr. The very

different ansrvers rcported nr the publnhcd lltcraturc rcstlt nainly
frorn impur-ities in the san4'1cs of copper. Nore how eil'ectivel,v

dre graplic organizes a vast amount ofdah, recording findings

ofhundreds ofsrLrdies on a singlc pagc and, at thc sarne tine,
nlo cr rg corp- r.o ' of rl e ,,r ; 'g ..' lr .

':
,/ ,/ /.//,., n--. 5".*".

./ ' ' t' , -:4, \' tl z/; ":l\i
" ! l ',,'-=-\

' / / -,./-*t.,,. i": / 1/,/ ...fi;::
' .o '-,:.7, t tE

'/ ''/.'1'/l I^'
'€{, ') /" d- t'L/ ././ .11 ! .

.'/ t/ ,,/."1' t
,/ ,.t /, "o :,/ ./

., 
^.// 

6 / ./ .
' / /'./ /' ./ ./'E al ./ a

-4 ,' ..' ../ ,l
u / ,,i ..,,"' lt'/ ,., r' /

THERMAL CONDUCT VITY OF

COPPER

r'r!

'"i;i:

C.Y.Ho,R. !!.Porvell,trnd!.E.Lilet.
'thdtit Co iklr,itt aItft Ekrtnts: A
Cd,/rf.l,ori,t Rpir,, suf tlenent n.
l,J nnrl oJ Pltt'ndl Mi Chdd.al
Re,f.ftn1 Ddtd,1 11974),t 2+4.
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Finally, rwo relational dcsigns ofa diFcrcnt sort l\'herein the
data points arc themselves data. Here the efect oftrvo variablcs
interactrng is portravcd by thc laccs on thc plotting freld:

n. c. zeeman, 'cat,$rophc Thcory, "
Sien&n. Andndl, 23a l{pril 1916). 671

based on Korad Z. Lorenz. Ki4q
Solo,dtr &,la (New York, i9J1).

]d-L- Mir.he\\, Ttu ctutrh dnd Ntt ian

oJ Whitu Pilt sIdbt!: h Cultn. r,ith
V at f iklt N ittogt h. Pho I ha, 

^, 
Po tar iuh l

d,d cdl.i,,J, The Bli.l Rock lorcs
lluldin No. e (Cornsall-onh-
Hudson, New Y.rl, 1939), !.70.

1..,.=
a_^ F_-

And similarlr., the varynrg sizes of v'hte pine sccdlings after
growing lbr one season in srnd contanring differcnt arnounts of
catcium, in parts per nnllio! i nutrient-sand cultures:
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kirciples of craphical Excellence

excellence is the well-designed presentation of interesting

-z rr,Atbr ol suhtance, al ttdtistics, and o{ desipt.

darity, precision, and eficiency.

ical exccllence is fiat which givcs ro the viewer dlc grcatesr

ofideas in tire shortcst timc with the least ink in the
space.

ical excellence consists ofcomplcx ideas comnunicated

excellence is ncarlv alwavs multivariate.

grephical excellence requires telling drc trurh about the data.




